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PROBLEM TO BE SOLVED: To enable high-speed 
writing, erasing and reading by reducing a thickness of a 
second gate insulating film of a MISFET constituting a 
memory cell in a non-volatile memory. 
SOLUTION: A second gate insulating film 7 of a MISFET 
(Qm) constituting a memory cell in a non-volatile 
memory is constituted of four layers of a lower silicon 
oxide film 7a, lower silicon nitride film (high dielectric 
film) 7b, upper silicon oxide film 7c and upper silicon 
nitride film (barrier film) 7d. Thus, impurities in a control 
gate 8 are prevented from diffusing in the upper silicon 
oxide film 7c. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 I his document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention is applied to the non-volatile memor\ 
which constituted the memory cell from MISFET which has the bilayer gate electrode which consists of 
the floating gate and control, concerning semiconductor integrated circuit equipment, and relates to 
effective technologv. 
[0002] 

[Description of the Prior Art] Non-volatile memory, such as EPROM and a Hash memory, constitutes 
the memory cell from MISFET of the bilayer gate electrode structure which carried out the laminating ot 
the control gate through the second gate insulator layer on the floating gate formed on the first gate 
insulator layer. 

[0003] Conventionally, although the second gate insulator layer of MISFET of bilayer gate electrode 
structure is constituted by the oxidization silicon film which oxidized thermally and formed the front 
face of the floating gate which consists of a polycrvstal silicon film, in order to perform writing of non- 
volatile memory, elimination, and read-out at high speed, it becomes indispensable thin-film-izing [ of 
this second gate insulator layer ] it. 

[0004] However, since there is a problem that isolation voltage will fall when the second gate insulator 
layer which consisted of oxidization silicon films is thin-film-ized, the so-called second gate insulator 
layer of the ONO structure which carried out the laminating of a silicon nitride film and the oxidization 
silicon film one by one on the oxidization silicon film is proposed in recent years. 
[0005] Since the second gate insulator layer of the above-mentioned ONO structure can improve 
isolation voltage by suppressing a membranous leakage current with the oxidization silicon film of the 
high vertical section of barrier height, and aiming at electric-field relief by the silicon nitride film with a 
high dielectric constant, it can make thin effective oxidization silicon film conversion thickness, and. 
thereby, has the advantage that the writing of a memory cell, elimination, and read-out are aeeelerable. 
[0006] In order to form the second gate insulator layer of the above-mentioned ONO structure, alter 
oxidizing thermally the floating gate which consists of a polycrvstal silicon film, forming a lower 
oxidization silicon film in the front face, using CVD subsequently to this oxidization silicon film top and 
depositing a silicon nitride film, this silicon nitride film is oxidized thermally and an up oxidization 
silicon film is formed in the front face. 

[0007] In addition, about the non-volatile memorv which constituted the memorv cell from MISFET 

which has biiaver gate electrode structure. JP.2-2 C )5 1 70.A etc. has a publication * 

[0008] 

[Problem(s) to be Solved by the Invention) However, if it is going to form the second gate insulator 
layer of ONO structure on the floating gate, the follow ing problems w ill arise. 
(0009] First, although the control gate which consists of a polycrvstal silicon film (or polyeide film 
which carried out the laminating of the refractory-metal silicide film on the polycrvstal silicon film) is 
formed on the second gate insulator layer Since an impurity (for example. Eynn) is doped b\ h\nh 
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concentration in this polycrystal silicon film. This impurity is spread in the up oxidization silicon film of 
the second gate insulator layer with heat treatment after control gate formation, and there is a problem 
on which the isolation voltage of the second gate insulator layer falls to. or a leakage current increases. 
[0010] Moreover, in the manufacturing process of non-volatile memory, since the control gate of a 
memory cell and the gate electrode of MISFHT of a circumference circuit are formed at the same 
process using a polycrystal silicon film (or polycide film) Although etching on the front face of a 
substrate by fluoric acid solution (pre-washing) is performed in advance of formation of the gate 
insulator layer of Circumference MISFET after forming the second gate insulator layer There is a 
problem that the up oxidization silicon film of the above-mentioned second uate insulator laver w ill 
********** at this time, and ONO structure will be spoiled. 

[001 1] Moreover, although it is necessary to set thickness of an up-and-down oxidization silicon film to 
at least 3-5nm or more in order for the second gate insulator layer of ONO structure to suppress a 
leakage current effectively, an up oxidization silicon film has the problem that it is necessary to oxidize 
thermally for a long time, in order to secure the thickness which the oxidation rate was slow" and w as 
described above since it w as formed by thermal oxidation of a silicon nitride film. 
[0012] this invention is made paying attention to these troubles, and the purpose is in offering the 
technology which can thin-film-ize the second gate insulator layer of MISFHT which constitutes the 
memory cell of non-volatile memory. 

[0013] Moreover, other purposes of this invention are to offer the technology in w hich degradation of 
the second gate insulator layer produced w hen the impurity in the control gate is spread \nim up 
oxidization silicon film can be prevented. 

[0014] Moreover, other purposes of this invention are to offer the technology w hich can make good 

compatibility (conformity) of the formation process of a memory cell, and the formation process of a 

circumference circuit on the occasion of manufacture of non-volatile memory. 

[0015] The other purposes and the new feature will become clear from description and the 

accompanying drawing of this specification at the aforementioned row of this inv ention 

[0016] 

[Means for Solving the Problem] It will be as follow s if the outline of a typical thing is briefly explained 
among invention indicated in this application. 

[0017] The first insulator layer by which the semiconductor integrated circuit equipment of this 
invention was formed on the semiconductor substrate. It has the second electrode formed in the upper 
part of the second insulator layer formed in the upper part of the first electrode formed in the upper part 
of the first insulator layer of the above, and the first electrode of the above, and the second insulator 
layer of the above. The first electrode of the above has a silicon film containing the impuritv. and the 
second insulator layer of the above has four layer membranes w hich consist of a low er oxidization 
silicon film, a high dielectric film, an up oxidization silicon film, and a diffusion barrier film at least. 
[0018] Since it can prevent that the impurity in the second electrode is spread in the second insulator 
layer by having carried out the laminating of the diffusion barrier film on the up oxidization silicon film 
of the second insulator layer according to the above-mentioned means, the isolation voltage of the 
second insulator laver improves, and a leakaae current is suppressed. 
[0019] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained in detail 
based on a drawing. In addition, what has the same function in the complete diagram for explaining the 
gestalt of operation attaches the same sign, and explanation of the repeat is omitted. 
[0020] Drawing 1 is the important section cross section of a semiconductor substrate show ing the 
memory cell of the flash memory (or HPROM) which is the gestalt of 1 operation of this invention. 
[0021] the semiconductor substrate 1 w hich consists of a p- type silicon single crvstal - a p tvpe well - 
2a forms -- having - **** -- this well - n channel type MISFHT (Qm) which constitutes a memon cell 
is formed in the active field surrounded by the field insulator layer 3 of the front face of 2a 
[0022] The above-mentioned n channel type MISFHT (Qm) is constituted by iv type semiconductor- 
region 4a. n-type-semiconductor field 4b. the first gate insulator layer 5. the floating gate 6. the second 



http: www4.ipdl.jpo.go.jp egi-bin tran web egi ejje 



11 13 02 



Page 3 of 6 



gate insulator layer 7, and the control gate 8. 

[0023] The first gate insulator layer 5 of the above-mentioned n channel type MISFHT (Qm) consists for 
example, of oxidization silicon, and the thickness is about 15-20nm in a flash memory at about lOnm 
and EPROM. Moreover, the floating gate 6 consists of polycrystal silicon which doped Lynn, and the 
thickness is about 100-200nm. 

[0024] The second gate insulator layer 7 consists of lower oxidization silicon film 7a of about 3-5nm of 
thickness, lower silicon-nitride-film (high dielectric film) 7b of about 10-20nm of thickness, up 
oxidization silicon film 7c of about 3nm of thickness, and 7d (barrier film) of up silicon nitride films of 
about 3-5nm of thickness, and effective oxidization silicon film conversion thickness is about 1 3-24nm. 
[0025] The control gate 8 which serves as the word line of a circuit consists of a polycide which carried 
out the laminating of the tungsten silicide (WSiX) film on the polycrystal silicon film which doped 
Lynn, and the thickness of the above-mentioned polycrystal silicon film and a tungsten silicide film is 
about lOOnm. respectively. 

[0026] The sidewall spacer 9 w hich consists of oxidization silicon is formed in the side attachment wall 
of the above-mentioned floating gate 6, the second gate insulator layer 7, and the control gate 8. and the 
insulator layer 10 which consists of oxidization silicon is formed in the upper surface of the control ^ate 
8. 

[0027] The insulator layer 1112 which consists of oxidization silicon, for example, the layer insulation 
film which consists of BPSG (Boro Phospho Silicate Glass), has accumulated on the upper laver of the 
above-mentioned n channel type MISFET (Qm) one by one. and the data line (DL) which consists for 
example, of an aluminum alloy is formed on the layer insulation film 12. 

[0028] The above-mentioned data line (DL) is electrically connected with one n+ type semiconductor- 
region 4a of n channel type MISFET (Qm) through the contact hole 13 punctured on the first gate 
insulator layer 5, the insulator layer 1 1 , and the layer insulation film 12. 

[0029] Next, the manufacture method of the non-volatile memory which has the above-mentioned 
memory cell is explained using drawing 2 - drawing 12 . 

[0030] first, it is shown in drawing 2 - as - the memory cell formation field (M) of the semiconductor 
substrate 1, and the n channel type MISFET formation field of a circumference circuit -- a p tvpe well -- 
2a - moreover, the p-channel type MISFET formation field of a circumference circuit - an n'tvpe w ell - 
- after forming 2b. respectively, the field insulator layer 3 for separating MISFHT and the p tvpe 
channel-stopper field 14 are formed by the LOCOS method 

[0031] Then, after **********j ng t j ie f ront f ace 0 f the semiconductor substrate 1 in fluoric acid 
solution, the first gate insulator layer 5 is formed in the front face of the semiconductor substrate 1 bv 
800-degree C wet oxidization. In addition, in advance of formation of the first gate insulator laver 5. a 
channel dope layer (not shown) is formed by injecting BF2 ion into the semiconductor substrate 1 of a 
memory cell formation field (M) about two 2x101 2-/cm by 60keV(s) after that. 
[0032] Next, as shown in drawing 3 . polycrystal silicon film 6a is deposited on the semiconductor 
substrate 1 using CVD. At the time of the deposition, in this polycrystal silicon film 6a. Lvnn of 
2xl020-/cm2 is doped simultaneously, and is formed into low resistance to it. 
[0033] Next, as shown in drawing 4 , the second gate insulator layer 7 which consists of four layer 
membranes of lower oxidization silicon film 7a, lower silicon-nitride-film 7b. up oxidization silicon film 
7c. and 7d of up silicon nitride films is formed on the above-mentioned polycrystal silicon film 6a. 
[0034] In order to form the above-mentioned second gate insulator layer 7, lower oxidization silicon 
film 7a is first formed in the front face of polycrystal silicon film 6a by heat-treating the semiconductor 
substrate 1 at about 950 degrees C among the mixed-gas atmosphere of nitrogen and oxvgen. I hen. alter 
depositing lower silicon-nitride-film 7b on lower oxidization silicon film 7a using (/YD. bv wet 
oxidization of about 950 degrees C. up oxidization silicon film 7c is formed in the front face of low er 
sihcon-nitride-film 7b. and 7d of up silicon nitride films is further deposited on up oxidization silicon 
film 7c using CVD. 

[0035] Next, as shown in drawing 5 . after etching which used the photoresist as the mask remo\e^ 
polycrystal silicon film 6a of the n channel type MISFLT formation field of a circumference circuit, and 
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a p-channel type MISFET formation field, and the second gate insulator layer 7. the front face of the 
semiconductor substrate 1 of the n channel type MISFET formation field of a circumference circuit and 
a p-channel type MISFET formation field is exposed by ********** m g t h e f ronl f ace 0 f t j ie 
semiconductor substrate 1 in fluoric acid solution. 

[0036] Since the best layer of the second gate insulator layer 7 consists of 7d of up silicon nitride films 
to which it hardly ********** s j n fluoric acid solution at this time, up oxidization silicon film 7c under 
1*^ does not ^ s, ^'^ 5 ^^' 5 f <i ^ j ^'^ 5 f : 

[0037] Next, as shown in drawing 6 , the gate insulator layer 15 which consists of oxidization silicon of 
about 20nm of thickness is formed in the front face of the semiconductor substrate 1 of the n channel 
type MISFET formation field of a circumference circuit, and a p-channel type MISFIT formation field 
by wet oxidization of about 850 degrees C. Since no less than 7d of up silicon nitride films of the second 
gate insulator layer 7 oxidizes slightly and a thin oxidization silicon film (not shown) is formed in the 
front face at this time, the second gate insulator layer 7 turns into five layer membranes of lower 
oxidization silicon film 7a, lower silicon-nitride-film 7b, up oxidization silicon film 7c. 7d of up silicon 
nitride films, and the oxidization silicon film of the front face substantially. 

[0038] In addition, in advance of formation of the above-mentioned gate insulator laver 1 5. a channel 
dope layer (not shown) is formed by injecting BF2 ion into the semiconductor substrate 1 of the n 
channel type MISFET formation field of a circumference circuit, and a p-channel tvpe MISFET 
formation field about two 2x101 2-/cm by 60keV(s) after that. 

[0039] Next, as shown in drawing 7 . polycrystal silicon film 8a and tungsten silicide film 8b are 
deposited one by one on the semiconductor substrate 1 using CVD. At the time of deposition, in this 
polycrystal silicon film 8a. Lynn of 2xl020-/cm2 is doped simultaneously, and is formed into low 
resistance to it. 

[0040] Next, as shown in drawing 8 , a photoresist is used as a mask, polycrystal silicon film 8a of a 
memory cell formation field, tungsten silicide film 8b. the second gate insulator layer 7. and polvcrvstal 
silicon film 6a are ********** ec ] one ^y one, and the control gate 8. the second gate insulator laver v. 
and the floating gate 6 are formed. Moreover, a photoresist is used as a mask, polycrystal silicon film 8a 
of the n channel type MISFET formation field of a circumference circuit and a p-channel tvpe MISFET 
formation field and tungsten silicide film 8b are ********** e d one by one, and the gate electrode 16 is 
formed. 

[0041] Next, as shown in drawing 9 . an insulator layer 10 is formed in the side attachment wall and the 
upper surface of the gate electrode 16 of the n channel type MISFET formation field of a circumference 
circuit, and a p-channel type MISFET formation field at the side attachment wall of the control gate 8 of 
a memory cell formation field, the second gate insulator layer 7, and the floating gate 6 and the upper 
surface, and a row by heat-treating the semiconductor substrate 1 at about 900 degrees C among oxvgen 
atmosphere. 

[0042] Since the best layer of the second gate insulator layer 7 of a memory cell formation field consists 
of 7d of up silicon nitride films which an impurity cannot diffuse easily. Lynn doped bv the control gate 
8 does not diffuse it in up oxidization silicon film 7c with the above-mentioned heat treatment. 
[0043] then, a photoresist is deposited on the semiconductor substrate 1 of the n channel tvpe MISFET 
formation field of a circumference circuit, and a p-channel type MISFET formation field, and n 
semiconductor-region 4b of a memory cell formation field boiled semiconductor substrate 1 is formed 
by making this into a mask and injecting arsenic ion into the semiconductor substrate 1 of a memon cell 
formation field about two 1x1015- cm by 60keV(s) 

[0044] Then, after removing the above-mentioned photoresist, a photoresist is deposited on the 
semiconductor substrate 1 of a memory cell formation field and the p-channel type MISFE I formation 
field of a circumference circuit, and n type semiconductor field 1 7b of low high impuritv concentration 
is lormed by making this into a mask and injecting phosphorus ion into the semiconductor substrate 1 of 
the n channel type MISFET formation field of a circumference circuit about two 1x101 " - cm b\ 4()keY 
(s). 

[0045) Moreover, after removing the above-mentioned photoresist, a photoresist is deposited on the 
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semiconductor substrate 1 of a memory cell formation field and the n channel t\ pe MIS1 I i lornu^.,: 
field of a circumference circuit, and p-type semiconductor field 18b of low high impurity concentration 
is formed by making this into a mask and injecting BF2 ion into the semiconductor substrate 1 of the p- 
channel type MISFET formation field of a circumference circuit about two 5xl012-/cm by 6()keV(s). 
[0046] As shown in drawing 10 . after depositing the oxidization silicon film (not shown fof about 
300nm of thickness on the semiconductor substrate 1 using CYD. this, oxidization silicon film ne\;. ; > 
**********ing by reactive ion etching The sidewall spacer 9 is formed in the side attachment wall of 
the gate electrode 16 of the n channel type MISFET formation field of a circumference circuit, and a p- 
channel type MISFET formation field at the control gate 8 of a memory cell formation field, the second 
gate insulator layer 7. and the side-attachment-w all row of the tloating'gate 6. 

[0047 J Then, a photoresist is deposited on the semiconductor substrate 1 of the p-channel type MISFIT 
formation field of a circumference circuit, and n+ type semiconductor regions 4a and 1 7a of high high 
impurity concentration are formed by making this into a mask and injecting arsenic ion into the 
semiconductor substrate 1 of a memory cell formation field and the n channel type MISFET formation 
field of a circumference circuit about tw o 5x101 5 -/cm by 50keV(s). 

[0048] Moreover, after removing the above-mentioned photoresist, a photoresist is deposited on the 
semiconductor substrate 1 of a memory cell formation field and the n channel type MISFET formation 
field of a circumference circuit, and p+ type semiconductor- region 18a of high high impurity 
concentration is formed by making this into a mask and injecting BF2 ion into the semiconductor 
substrate 1 of the p-channel type MISFET formation field of a circumference circuit about two ?\101 
/cm by 60keV(s). 

[0049] Then, each semiconductor region (4a, 4b. 17a, 17b. 18a. 18b) is activated bv heat-treatimj the 
semiconductor substrate 1 at about 800 degrees C among nitrogen atmosphere. 
[0050] Next, as shown in drawing 1 1 , after depositing the layer insulation film 12 which consists of 
BPSG of the insulator layer 1 1 which consists of oxidization silicon of about 5()nm of thickness, and 
about 300nm of thickness one by one on the semiconductor substrate 1 using CAT). A contact hole I 3 is 
formed in each one side of semiconductor regions 4a, 17a, and 18a by using^a photoresist as a mask and 
********** ing the Jayer ; nsulation film an insulator layer 1 1, and the gate insulator layers 5 and 15. 
[0051] Then, by heat-treating the semiconductor substrate 1 at about 900 degrees C among nitrogen 
atmosphere, a reflow of the layer insulation film 12 is carried out, and it carries out flattening. 
[0052] Next, as shown in drawing 12 . after depositing aluminum alloy film on the layer insulation film 
12 using a spatter, a photoresist is used as a mask, this aluminum alloy film is ********** c ^ an j n 
channel type MISFET (Qm) which constitutes a memory cell, n channel tvpe MISFET (Qn) which 
constitutes a circumference circuit, and p-channel type MISFET (Qp) earn out abbre\ umon completion 
by forming the data line (DL). 

[0053] Thus, according to the gestalt of this operation, the follow ing effect can be acquired. 

(1) It can prevent that Lynn in the control gate 8 is spread in up oxidization silicon film 7c bv having 
made into four layer membranes of lower oxidization silicon film 7a. lower silicon-nitride-film 7b. up 
oxidization silicon film 7c, and 7d of up silicon nitride films the second gate insulator laver 7 of n 
channel type MISFET (Qm) which constitutes a memory cell. Since the isolation voltage of the second 
gate insulator layer 7 improves and a leakage current is suppressed by this, the second gate insulator 
layer 7 can be thin-film-ized. 

(2) The writing of a memory cell, elimination, and read-out are accelerable w ith the above ( 1 ). 

(3) By the above (1), memory cell size can be made detailed. 

(4) By haying carried out the laminating of the 7d of the up silicon nitride films on up oxidization silicon 
film 7c of the second gate insulator layer 7 In case the front face of the semiconductor substrate 1 bv 
fluoric acid solution is etched in advance of formation of the gate insulator la\er 1 5 of Ciivumfcrc: \ 
MISFET after forming the second gate insulator layer 7 Since up oxidization silicon film 7c of the 
second gate insulator layer 7 does not **********. t h c compatibility (conformity ) of the formation 
process of a memory cell and the formation process of a circumference circuit becomes good, and the 
manufacture yield of non-volatile memory and reliability improve. 
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[0054] As mentioned above, although invention made by this invention person was concretely explained 
based on the gestalt of operation, it cannot be ov eremphasized by this inv ention that it can change 
variously in the range which is not limited to the gestalt of the aforementioned implementation and does 
not deviate from the summary, 
j [0055] With the gestalt of the aforementioned implementation, although the silicon nitride film w as 
j prepared betw een the lower oxidization silicon film of the second gate insulator laver. and the up 
i oxidization silicon film, it may replace with this silicon nitride film, and other high dielectric films, such 
1 as a tantalum oxide film, may be prepared. 
[0056J Moreover, the control gate is not limited to a polycide film and may consist of polvcrv stal silicon 
films. 

[0057] Although the above explanation explained the case where invention mainly made bv this 
invention person was applied to the non-volatile memory which is a field of the invention used as the 
background this invention is not what is limited to this. For example, the capacitative element for 
information storage of DRAM (capacitor) etc.. By generally constituting the insulator lav er (dielectric 
film) of a capacitor from four layer membranes w hich consist of the oxidization silicon film, the high 
dielectric film, up oxidization silicon film, and barrier film of this invention, the isolation voltage can be 
raised and a leakage current can be suppressed. 
[0058] 

[Effect of the Invention] It will be as follows if the effect acquired by the typical thing among invention 
indicated by this application is explained briefly. 

[0059] According to this invention, the isolation voltage of the insulator lav er inserted into the electrode 
of a couple improves, and a leakage current is suppressed. 



[Translation done.] 
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h^m&m&w.xh^x , Mfe^-weskL * 
-r s t-#ft*«[p]tt3£gi„ io 

ttHj* 5 H-T-SiifclHSfty U 3 >-&£^ MIEBZ 
y-MBHBi, T«i»6«fcT*IIHBi*K, 

ft 9 y fivmx-h h z t tnmt i-mxm 1 1 m± 2 

[§8:£JS4 ] ZM?~ h«««3i^M I S FET£*r 

■?&*mmm\B\mmxb~>x . *-*>y-h**fc 
comttmm£tzimit9>?>im. sszcogHts*K 

[000 1] 

±v*>i£m&ifz*n%&* : t , j%t'iz]mLxim 
zmizmt&t wbz,. 

[0002] 

[t£*<7>*$«fj EPROM^^-yyjJt'J'jrtW 40 
IWfctt.;* t 'J Ji. *-*>y- MfetIM |-.£JB*Lfc 7n 

> S n-^y- N ^fMf LfcZJgy- htt&M&OM I 

[0003] ft* J: 0 . rjy- h«SffljS^M I S F 
ET*>SBzy-M«MHi. *ISfly'JnyR*>A,^£ 
7n-f * vyy- KO*H«rJ!MWkLT»*Lfci!Wk 



ttB!200 1 - 7 2 30 

2 

[ooo4]t^w. Kftiai»r«ijfi3nfc3izy 
- himmtrnwuttz t . immEv&T lt l ■ * o 

#ii*jj:ViWkaawtii<>c«JiLfc. h*>u>sono 

[0005] jjeon o«ua«»zy- hi6SJS«i. a 

w*i l . a^sw**)* v m&mmz x ->x 
m#mmm& z t x-mmmt ft ±.-t& z t & 
<r>x\ mm.mmm%m-ifi<^h z t . 

[0006] ±ido n oma*>sizy- MttftRSSft 
•**fctt. IHSfl^Ua^K^^S^n— r-f >^y 

<>cv>Tvi<oiiMkffiiw«)±fcc v omzm^xmimm 
[0007] z«y- h««Mji$:^r-r&M I s 

li. «§3¥2 2 9 5 1 7 O^WSriftlBaS***. 
[0008] 

[^B* { )Ki*LJ:di:-ri.|Rja] 1*>L&* 5 ^ 7o- 

x y >^y- h«o±fcONo«a<»>*zy- h*e»«i^ 
[0009] 4-r . *zy- Me»»)±fcii. ^*sa 

s^'J^ HKilWiLfc^y^ HIS) 

a^>. ;o?WW«3y hu-zpy-h^i^MMSlt 
J: ->T*zy- M6»Kco_ha!irftJ^K+tcH£l)cL, 
mzy-Me»«O»fe»W£EA5ffiTL^0. 

[0010] ife, ^»^ttp< t 'JiT^T.gT'ii. ^ 

ho-;py-hfc^ffl[B]K^M I SFETcO 

y-h«ttttH-xe-«B*i-s«)-c. *zy-Mft 
«*»*Lta. SiSM i sFET*>y-Mei»*> 

y (flwtf*) *%-bit&*\ ^cofc^ hiiimzy-Me 
±»KMtffiRil*<x y -f- y y $ hx o n ofl!jt*> 
*=Srfcfi.T I £ o t «-» o f8Kia 5 *> & . 

[oo 1 1 ] ifc, oNo«jao«zy-MftiMB±. 

*W«ril«S: < k t 3 ~ 5 n mJ3L Kfc"t &^* { J>^*\ 
[00 12] *#WJ, d<l^<0|8HKSt*BLT*3 



3 

titzhnx-b*) . *<o@W<±. t'J*)** 'J 

<t-f4 ; fccot- ^ him z&mh z t izf>& . 

l&Wz a>b u-)Vr- V tymWbtf&m- 4 z t fc 
fffc*4£fcOT*4StS£gflW-4;:i:e*4. 

[0015] *&«wiir£&&tf K*^ftwswfc*r« 

2:4?** d. 
[00 16] 

[0017] **ft«5tot«(ttM*@Bg»i. ^»<*X 

«t»*sftfca-«ii. iffiB-«t»)jjit» 

J:tf8fl^yTO^3:4BJBRfc£"LTV*4fc*>-ca 
4. 

[0018] ±£Lfc*at:J:#itf. «~<oieiHioji 
£t* J (6]± L, OjoV - ?«awmi S*i4 . 

[00 19] 

[ 0 0 2 0 3 0 HI. *jMH<0-SdfrO««rCA* y v 
•yxjL^t'J (ifcliEPROM) (TWt'J-k^Srt 
^*«<ScoWSI5ISfffi0T'?) £ . 

[002 1 ] «Ki.tfp-*<05/'Jny*tsa*»A>«r6Y- 
SffcSK l fcli. pS^»>x^2 a#Bj££iiTfc 0 . 

f*/HMI SFET (Qi)jWBldc3ftTV>4. 
[00 2 2] hJdnf-^^/^M 1 SFET (Qi) 

lfc»&7fc Xt/zt v yxi-frY- V 8fcJ: iXm&Zti 
•0>4. 
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[0023] _tfdn^;M.5?M I SFET (Qi)<085 

fli777ya>t'JTl 0nm§j£, EPROMfii 
1 5-20 nmSJSTfcS. &tz. 7n-fO/y~ 
h 6 J3, If 'J >■£ K-rl fc£«fly 'J 3 > 

0. f«RWil0 0~2 0 0nmSK-e*4. 

[0 0 24] mr.y-hWm7li. Rf3-5nmg 

JSC0Ta®fWH)87 a. im \ 0~2 0 nmfU£tf)T 

SgjLf*»!£ ( tiftTOi ) 7b,M3n mfittO.L: 
10 «Kfta«ll7c*Jj:tflW»3~5ninfi«<0Ji«9fl: 

IS** (AU-^lR) 7d*>f>&9. &IHKft3Ximft 

JRJifcL 1 3-24 nragitfcS. 
[002 5] @J^y-h'8£*fc43>>n-/uy- 

Wy/W^-'Jt^ H (WS ix)R*«iLfc#y 

i/WA mommtttizti 1 o o nmgmi.. 

[0026] _tie7o-7M >^y-b6. JBZ.^-h 
teSR7fc<t^3> >n-j|,y-h8tf>W6fcfcL mi 

iiTfcO. 3>-ho-;ty-h8W±HWi. 
ft£Stf^S:4*ftlil8 1 0£<]8£S*VOi4. 
[0027] _fcJdnf-v*/l>£M I SFET (Qi)<0± 

PSG(Boro Phospho Silicate Glass)*' ^2:4)1016 

mil 2tfm<mmztix&>o. mnwmm\ 2<o±t 

HL Mitf A I £4ft>&&4r-?1ft (DDtm&Z 
tlX^b. 

[0028] tuf-m (DDii m—y-htm 

^^h*-/H 3 5-iil;Tnf-r*;USMI SFET 

( qi ) n * m^mmm4 a t«^wtc««3 

[00291^1:, KE> t 'J •fe/Pt *t 4 
; E , JWSKS*&?:02-ai 2SrfflV^TlBW't4. 

[0030] H2K*t-J:3K. **fMHRlw 
^*'J-fey|/»*«« (M) f:HaHBOnf-ir*;I^aM 

1 SFET^S«tt P MW>x/U2a5r. i^ifl 
HK^pf-A-^/l-SM I SFET»«fa«tn5.<0^x 

fzib(07 4 K|fe»R3fe«ltf pSW'f A- *)VX V y 

[ o o 3 1 ] m^x. *«<*a« i <rymz ? vm*m 

?ST'X yf-yyifzm. 8 0 0°CW7X-/ h R{k;l3 i o 
T^SftSte 1 coflBtfll-y- hJ6t8K5 $r»fi£-f 

t«« ( M ) wmyJlM l 

BFz^f ^>^60keVT2 < 1 0 12 /ci 2 fi^jtAt 
4ifctJ:->T^-v+/l-K-7"« (t&Kt-f ) Jr^fiSti' 
50 4. 



(4) 



ttl#|2 0 0 1 - 7 230 



[0 0 3 2 3 @3t^-tJ:-5t:. CVDj££Jfl^ 

4. >I^^i' l Jnyl6al;ll -£<OJ#fim(;:2 x 
i o 2 Vc« 2 ^ | jy^R^HK-rLTfifiSi{k-t&. 

[0033] act. 04 fc>it*J: 3 Jja#HSfli' , J 
7 b . _h«Hfl2&HH 7cfcJ: ±gp§lt2f*§! 7 dcr> 
[00 34] UBm_y-h*e»)87£»j£-fSl;:kL 

950 x;nmx'##m-?z> ztizx*). v 3 > 

I6a W#|ffi£TftBHtf£*IK 7 a 5: 1^4 . £v » 
X. CVDffiitffl^-CTaR^*K7a<0±tTa5g 
tt*£*§J7b£*i»Uv:f*. QSOreJS^XvhK 

^(cio-cTSP^i^*«7 bcr>miz±.mum.mm 

7 c<0±.£±gpgrt3£*&7 d irtm-th. 
[0035] 05(^-tJ:^t. J§!i2[s]K^n^- 

s f e Tmfmmn^^ 'J3yi6a. scy- f 

IfeliJg 7 £ 7 * hU VX h £ "7 X 9 IZ L £X ^- > ^fc; 

T'X -y ^- v ?-$h z t iz X *) ^ ^yiLnJKw n+\ 

M I S FETBtfLmmtiXVp+X^mM I S F ET 

»j£M«?>¥«ftS« 1 <7)3lffi£Sffi£-£4. 

[0036] ~ofc£. mry-Me«K7<^gJi^ 
&immm7 dx-vk&LZixx <^4wt\ * wto ksk 

7 C #X y * ft4 i fc tt&V \ 
[0 0 3 7] MbtZjjk-tXotZ^ 8 5 0-Cg«W 

^xy hmmzXixmvmtznni-v^imM 1 sf 

ET««I«fcJ:^pft^fM ISFETMSS 
CVmWm. 1 CD^ffiKKS 2 0 n mgJg<7)Kfcg*a> 

h%z>y~bimmi ^mm-h. zcotz. tn~y 
-ht&mm7cr>±.&mmmm7 d^mnzmitziT.. 

sr.y'-h<fti*K7(i, mwMzTtmittm&y 
a . Tasg<tf^&7 b . ±.mxmmm7 c . ±s?§f 

immm 7 d fc J: * <03liE?)BKkf£*K?)5JlK fc * 

[ 0 0 3 8 ] . hi«y- h IftliJg 1 5 ojftftt: jtft 
->T. 4tti*0». aaM»«nf+MfM I SF 
RT»J&M«fcJ:Vp^-v^f}M I SFF.TmfS.tm 
WWci«ltBFH*>5:6 0keVt2< 1 0 

[00 39] &(C. ^7^-t,t'j(C. CVDi££fflV> 
T T«H**fc 1 <T> HZ m&i> ') ~l >188 a&XTf 7 > 
/Xf^y'J^ KK8b£*3c*BW-4. .Itf)3Hlhlfc 
yU3>18a(:li, Jf««5('2x l o ! »/ci'<O l Jy 



[0040] friz. m8lZ9jk-t£diZ^ 7t hlis'Xh 
£-?X?tZlX*±>) *ABfcffi&<F>%1&&i' 'J 3 > M 
8a. ^^/Xfyy'Jt'l HK8b, 5&~>-'-hlfe*i 

3yhn-*y-h8. t~«tiiS7 . 7n-f 
x ^ tc ix ftmmt&n n sm i s f e tmi 

p f-v */l-S!M I S F E TMHS^e^y 
10 'j3>l8afc±^>/Xf>yW HK8bS:)t 
<Xx y^-> ^LTy- h«S 1 6 5r^fi£-TS . 
[004 1 ] fcfc. gd9^i-J:9(c, 
S^IIH^*- 9 0 0t:g«T'*«ia-r^vii:t < ko 
X . > t 'J > h xx~)Vf- Y 8 . 85_ 

±M. %t>VlZfflmW\i&r>n1-f*)l-mM I SFETJg 
*««*5J:Vpf-r*AfiM I S FETjRS«*oy- 

[0042] jtfj -biMBjft»«<«Szy- h»«IK7 
20 tf>«JJi« . Wfotf&Wi L«^±aaMKt*R 7 d f 

tut 'J >* £ _hIL«Wt!U!tc iot ±SKfl^RR 7 c (ct£ 

[0043]ftv>T, «iaHH«)nf-r*/H[MISF 
E T««««fc itf P f-A- M1M I S F E T»fi£«« 

9 iz L r ^< * 'J -bA*fl£^«c7>i|i«fl t as« 1 tc t * 
4:*>£60keV-Clxl O'Vc^StiiA-rSC 

tiaot, x±o*ti&fmm<?>T^mtmmiiz<r)n 

30 ^(«fll*4b^fi£1-| > . 

[0044 ] ^V»T. ±M7* Y^'JXYi^ltz 
ft, p<tU-fe/HgB£««t>J:^2lHlKWp^-v^l-S 

m i s f e TBfmmcvmfc&fc 1 ^±tc7 * 

XYZmtL, Zil£-?X7{ZlXfm®ft<0n1-v* 
/HM I SFE T^®«ct>^«^R 1 tC'J>-f > 
j40keVtlM O^/c^SgaA-tS-ttJ: 
o T . fi^ttliRRS^ n JE^f4c«« 1 7 b 

h. 

[004 5] itc. ±.wi7*hl>>Xh*f*£lt:1k. 

40 *±>j*>iBi$Mm}5£vmm®i&7)ni-v*>imM i 

SFE T>e*ffl«<7)1'»«c««i 1 O ht 7 * h 
^itfiSL. '^-ex^tLTjgjML-lK^pf-^^l-S 
M I SFRT»|£M«<7Vt^(^«ltBF2 4:+y£ 
6 0keVT5x 1 0 'V c^gftiMA-t* - fc t «t o 

■c , fi^ttfti««P m^rn^m® 1 8 h ^m-r 

4. 

[004 6] mz. mi OlZi^tXoiZ. CVDSJIfl 
(, >T t^l*it« 1 <7> l-.tlW 3 0 0 n mft^^kf^ 



(5 

7 

') *)imi8M&r> 3 y v a-ti y- h 8 . m - y- v t& 

8«nf+^HMl SFETM««fcJ:i;pfA'* 
>USM I S F ET N«ft 1 6(7)fflat;-tf 

[0 04 7] £HT, ^ffllelKWpf-^^SM I SF 

i2lH]»C0 n -f-v */l^!M I S F E TJ0|£1NIK)¥4f ffc£ 
SlUt*^>?:50keVt5xl0 16 /ci ! ftS 10 

[0 048] ±M7*hUiSXh$:m£Ltz&. 
S F E TJ&£|g«c^Kfc£« 1 CO Hz 7 it hi- Vx V 

m i s f ETBf8.mm<r?mto£m 1 c b f 2 4 

60keVt2x 1 0 16 /ci 2 i£Jg&A-t6,r k^J:-? 

r aTttftjRJS^ P ♦ m^mfrm® 1 8 a & . 

[0049] *Ofi. 1 £SX#HSv'K 8 20 

oo-cgjgTi^a-t&'fc^JioT, -efi-fii^-a 

(4a, 4b. 17a, 17b. 18a, 18 
b) £*Sttfc-r&. 

[00 50] act, 01 lt^-tidt, CVDi££ffl 

v >-c¥*f*ffl£ i <n±izmm 5 0 n mssoie^s*^ 

^StftliKl l*iJ:tfilff3 00nmgJS£OBPSG 
A^SrSJUSBftURl 2tW«liLfcll. 
Xh5r-7X7tcLTSBBft»ISl 2. tfegjgl lfcilX 

^fciitfHa, 17 a, 1 8aC0*tl?tlC0-hlZZi 30 
V*?hJh-A 1 3*mi&-f&. 
[005 1] fcOft. 1 £§*#18^4>, 9 

0 0iCSST1!M5a-t&^ttcJ:^-C, «SBfei*Kl2 

[0052Ji>:(: i HI 2tc^-tJ;dlc, X^-y?j££ 
«V»T«SWMl 2*>±fcA 1 ^R*Jt«Lfca, 

7a bl^'Xh£vx7tcLT.rc)A 1 -&£R£x-yf- 
y^U ^r-^S (DL) fcfcJ:->T. * 

tU-b^flia-rSn-f-^^MM I SFET(Qi), 
fHiaiHlftS: fllt£-t& n ?-v */l^M I S F E T ( Qn) 40 
±Kp-?-A**A?P.M I SFET (Qp)* { «£gjS;-t£„ 
[ o 0 5 3 ] ZcoX d +3liioj$${.:J:ftfcf . Ml 

-ik^-c^s. 

( 1 ) nf-^/I^M I SFF.T 

(Q«)^-y-Mfe»M7^T^l!fl:^*R7a, F 

a&wtimm 7 b . \-.tm<tf$mm 7 c a xt/ [-MV.it 
itmm7dcr)mmmzitzztiz£n. n^hn-A-y 
- h 8>}i^u >*< i-.aoKft^*R7 c iz&m-znzm 



ftBH2 0 0 172 30 
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( 2 ) Ufi ( 1 ) (I<t 0 . -XfJ *;K*>S&*. 

Raj l £ ■« atft-r & ^ t m- s ^ . 

( 3 ) Jild ( 1 ) t J: 0 . 'J -fe/HM X£fiHBWk1- 
&.IkA<T'£.S. 

( 4 ) fc- y- Vtmm 7 WJiSK^*fR 7 c COUZ 
±g?£{t*£§ER7 d Lfci k fc X 0 . »zy- h 
*&SIK7£»jSL*:gL WI SFET<oy-M6» 

T\ ;>< t <) -fc/KO^J&Tn-t: X k Wj»<0M7D-t 
[0054] J; ot^Six^^^ 

wmw,z%r5* mttuzmm i *»Hj»iMisn 

[0055] MEHtt^STti. NlfeSIK^ 

[00 56] ^ys. 3>hn-/l,y-Mi, ^'J^ K 
R('PR^^itS t W{i^r< . 'J 3 yffiS 

[0057] KLhiOittBBTJi. ±k LT*^Bft#tc J: o 

izmmttiijhariz^zmwLfztiK 

it. CWcK£$ix6tcOT«^<. flUfcfDRAMcT) 
(tt«^) ^rk\ -Rtayf 
^-<0*ft*tl8 (0W*R) ^*^aB0K^*K, SSI 

[00 58] 

m)tci>cDiz£ -ixfttitihimzfsmz&wttui. 

MXTtrM'OX'bh. 

[0059] liitf. -j^««il:«i^tt 

[0tfd^fS#=5riKBa] 

[02 ] *l^cO-^it^®TJ)l.^l<*m«@?&ll 
»W«3S*ft*^^«s4HE«)B<*WiiiWT'*i . 

[03] *%w<r> mtomm'bz>r&it*kmm% 
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[05] *wm-wxmm.t-h i rmmmmim 

[08 ] *f|BBW-*Jt^!Bt'*)l.^*tt^«llI»^ 
[ 0 9 ] *#*OH«lKO#Ji-C* 5 -r-*flcftfltlIIBig 

[0i o] *^co-nit(o»i!T-j)*^f**aiHi» 

KBoSi* A-iS^ *"t^{*»£?>lSSBfgi0T-*> & . 

[0ii] *m\<F>~mknmmx-bh^mm.®n 

mi 21 *m\o •m^mmvhh^mmMmn 
msnsmmz ^-^mwmL<rmmmmxh h . 

1 

2 a »>x;l, 

2 b Ox.il 

3 7<-*HWII 

4 a n<m-mmm 

4 b nSr-UfMM 

5 »-y-Mft«H 

6 7D-f^^y-h 
6 a ZtofrisVayR 



(6) ^2001 -7230 

1 0 

7 3f5-y-M6»IS 

7 a T&mim*m 

7 b K»24H£*R (ftttTOM) 

7 c ±mm*m 

7 d ±&gfta*!g ( ttft' < 'J -WR ) 

8 nyho-^y-h 
8 a m&v'JnvR 

8 b ^V^-tV^'JIM KR 

9 iM F^*— /I'X"*— * 
10 10 tf.H® 

1 1 

12 mmtmm 

13 3V^7h*-yP 

14 fY^wt-7^a« 

15 y-MMWH 

1 6 y- vn& 

17a n*M^W*«« 
17b nM¥«#«« 

i8a p*m¥mtm.m 

20 18b p SMMi* 
DL t-?» 

Qi nf-+*/PSM I SFET 
Qn nft*/HMISFET 
Qp pf-vsM'SM I SFET 



[01] 




7 : W-Y- HUM 7 c : JJHNttt» 

7m:T«Wfctt3Mi 7 d : .UOKUHH 

7b :TMHt&M OOmiMD 



(7) 



1 7230 




(8) 



^132 0 0 1 -7 230 



B 5 




H 5 U 15 2a U 15 2b 1 



(9) 



ttffl20 0 1-7 2 30 




[010] 

Bio 




(10) 



#18200 1 -7 2 30 



[01 1] 



B 11 




m\ 2] 




